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@) A plurality of innage pickup devices (15, 16) are 
set on the ground to pick up Images of an anti- 
collision light located on an aircraft to be guided. A 
position reference producing section (17, 18, 19) 
produces a signal representing a position reference 
of the aircraft in accordance with picked-up image 
signals from the plurality of image pickup devices 
(15, 16). A display data producing section (20) pro- 
duces at least one of direction Information and dis- 
tance information as guidance information to be pro- 
vided to pilots of the aircraft in accordance with the 
signal representing the position reference of the air- 
craft which is supplied from the position reference 
producing section (17, 18, 19). A display unit (11, 
22) displays at least one of the direction information 
and distance information from the display data pro- 
ducing section (20) at a position on the ground 
where the pilots can see and recognize the informa- 
tion. 
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® A plurality of image pickup devices (15. 16) are 
set on tlie ground to pick up images of an anti- 
collision light located on an aircraft to be guided. A 
position reference producing section (17. 18. 19) 
produces a signal representing a position reference 
of the aircraft in accordance with picked-up image 
signals from the plurality of image pickup devices 
(15. 16). A display data producing section (20) pro- 
duces at least one of direction information and dis- 
tance information as guidance Information to be pro- 
vided to pilots of the aircraft in accordance with the 
signal representing the position reference of the air- 
craft which is supplied from the position reference 
producing section (17, 18, 19). A display unit (11, 
22) displays at least one of the direction information 
and distance information from the display data pro- 
ducing section (20) at a position on the ground 
where the pilots can see and recognize the informa- 
tion. 
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The present invention reiates to an aircraft 
docking guidance system which provides pilots of 
taxiing planes with data concerning distance and 
azimuth (direction) during movement across airport 
aprons to the parking spot. More particularly, this 5 
invention relates to an aircraft docking guidance 
apparatus for calculating a deviation from an ap- 
proach line and a distance from a stop point to the 
nose gear in a parking spot by using a picked-up 
image of an anti-collision light (ACL) located on the w 
upper fuselage of all aircraft as a position refer- 
ence, and visually displaying the calculation results 
to a pilot as azimuth (direction) information and 
distance infonmation by means of a display unit on 
the ground, thereby accurately guiding the aircraft 15 
from airport aprons to the parking spot 

A conventional aircraft docking guidance ap- 
paratus is designed to provide azimuth (direction) 
and distance information by utilizing an optical 
technique. In this technique, however, since the 20 
parallax varies among pilots depending on the 
loading capacities of aircraft, sufficiently precise 
azimuth (direction) information cannot be obtained. 

More specifically, in the conventional tech- 
nique, of various types of schemes, azimuth 25 
(direction) information is obtained by mainly using 
the parallax of a pilot by optical applications, and a 
deviation from an approach line is displayed on a 
display unit installed on the ground. For this rea- 
son, proper azimuth (direction) information can be 30 
obtained at the captain's seat, but cannot be ob- 
tained at the co-pilot's seat. That is. only the cap- 
tain can pilot the aircraft. 

In the conventional technique, distance infor- 
mation is obtained by mainly using a sensor buried 55 
underground below an approach path. According to 
this technique, when the passage of wheels of an 
aircraft is detected, a remaining distance is dis- 
played on a display unit. In this distance informa- 
tion display technique, however, the installation and 4o 
maintenance of this sensor interfere with flight op- 
erations of aircraft. 

Furthermore, in the above-described azimuth 
and distance information display techniques, it is 
difficult to control different types of aircrafts with 45 
respect to the same parking spot. 

As another guidance technique, a distance 
measurement technique based on a laser is avail- 
able. This technique, however, can only be applied 
to limited types of aircracts. because the reflectivity so 
of a laser beam with respect to dark colors is low. 
In addition, it is difficult to properly use this tech- 
nique in all kinds of weathers. 

It is. therefore, an object of the present inven- 
tion to provide a new and improved aircraft docking 55 
guidance system which takes a position reference 
m an anti-collision light of an aircraft, in which the 
position reference of the aircraft is obtained on the 



basis of picked-up image signals obtained by 
picking-up the anti-collision light of the aircraft by 
means of a plurality of image pickup devices on 
the ground, and azimuth (direction) information and 
distance information are generated in accordance 
with the position reference to be displayed on a 
display unit on the ground, thereby providing prop- 
er information not only to the captain's seat but 
also to the co-pilot's seat without requiring burying 
of a sensor in an apron, and allowing not only a 
pilot but also a co-pilot to accurately guide the 
aircraft to a parking spot without the support of 
ground staff. 

According to one aspect of the present inven- 
tion, there is provided an aircraft docking guidance 
apparatus comprising: 

a plurality of image pickup devices, set on the 
ground, for picking up images of an anti-collision 
light located on an aircraft to be guided: 

position reference producing means for pro- 
ducing a signal representing a position reference of 
the aircraft in accordance with picked-up image 
signals from the plurality of image pickup devices: 

display data producing means for producing at 
least one of azimuth (direction) information and 
distance information as guidance information to be 
provided to pilots of the aircraft in accordance with 
the signal representing the position reference of the 
aircract which is supplied from the position refer- 
ence producing means; and 

a display unit for displaying at least one of the 
azimuth (direction) Infomnation and distance infor- 
mation from the display data producing means at a 
position on the ground where the pilots can see 
and recognize the information. 

More specifically, in order to achieve the above 
object, the present invention is characterized by 
comprising two charge coupled device (CCD) cam- 
eras, extractors, a tracker, an arithmetic processing 
unit, and a display unit constituted by a display 
lamp, which are an-anged in the forward direction of 
an aircraft which approaches an apron, and an 
operation unit installed at an arbitrary position at 
which an operator on the ground can easily operate 
the operation unit. 

According to the above-described arrangement, 
in the aircraft docking guidance apparatus of the 
present invention, an anti-collision light (to be re- 
fen-ed to as an ACL hereinafter) located on an 
upper fuselage of each aircraft which is approach- 
ing the apron is Imaged by the two CCD cameras, 
and the extractors extract only ACL red flashes 
from the picked-up image outputs. The tracker 
tracks the two color extraction images, and obtains 
the center of gravity of each ACL image. On the 
basis of the obtained two points, the tracker cal- 
culates one point of a three-dimensional space 
coordinate system defined on the basis of on a 



2 



3 



EP 0 459 295 A2 



4 



parking spot on the approach line as the origin. 
That is, the position of the ACL is three-dimension- 
ally measured as the position reference of the 
aircraft, and tracking is performed with respect to 
the position reference. The arithmetic processing 
unit stores relative position data of ACLs and nose 
gears, approach line data, and parking spot data, 
which vary depending on aircraft types, in a read 
only memory (ROM) In advance. In the first step, 
the type of an approaching aircraft is selected by 
the operation unit When the two CCD cameras 
image an ACL. the arithmetic processing unit cal- 
culates a deviation from the approach line as azi- 
muth information and the distance from the parking 
spot to the nose gear as distance information, and 
displays the output information on the display 
lamp. 

In order to achieve the above object, according 
to another aspect of the present Invention, there is 
provided an aircraft docking guidance apparatus 
comprising an azimuth (direction) measuring image 
pickup device, installed in a forward direction of an 
aircraft which is approaching an apron, for picking 
up an image of an anti-collision light located on the 
aircraft which is approaching the apron, a distance 
measuring image pickup device, installed in a di- 
rection to face a side surface of an aircraft which is 
approaching the apron, for picking up an image of 
the anti-collision light of the aircraft which is ap- 
proaching the apron, a measuring device for ex- 
tracting an anti-collision light Image from picked-up 
image outputs from the distance measuring Image 
pickup device and the azimuth (direction) measur- 
ing image pickup device, calculating a difference 
between the center of the anti-collision light image 
and an aircraft approach line to obtain azimuth 
(direction) information, and calculating a distance 
from the center of the anti-collision light to a park- 
ing spot of the aircraft to obtain distance informa- 
tion, and a display unit for receiving and displaying 
the azimuth (direction) information and the distance 
information from the measuring device. 

With the above-described arrangement, an ACL 
of an aircraft which is approaching the apron is 
imaged by the azimuth (direction) measuring Image 
pickup device installed in the forward direction of 
the aircraft and by the distance measuring image 
pickup device installed in the direction to face a 
side surface of the aircraft, and an ACL image is 
extracted from picked-up image outputs from the 
respective image pickup devices. The difference 
between the center of the ACL and the approach 
line and the distance to the parking spot are cal- 
culated by the measuring device. The former in- 
formation is displayed on the display unit as azi- 
muth (direction) information; and the latter informa- 
tion, as distance information, thereby accurately 
guiding the aircraft to the parking spot. 



According to still another aspect of the present 
invention, there is provided a method for providing 
a docking guidance to an aircraft, the method com- 
prising the steps of: 
5 picking up images of an anti-collision light lo- 

cated on an aircraft by using a plurality of image 
pickup devices; 

producing a position reference of the aircraft 
on the basis of picked-up image signals from the 
10 plurality of image pickup devices; and 

producing at least one of azimuth (direction) 
information and distance information as the docking 
guidance in accordance with the position reference 
of the aircraft and providing the information to the 
75 aircraft through a display unit on the ground. 

This invention can be more fully understood 
from the following detailed description when taken 
in conjunction with the accompanying drawings, in 
which: 

20 Fig. 1 is a view showing the system function of 
an aircraft docking guidance apparatus accord- 
ing to the first embodiment of the present inven- 
tion; 

Fig. 2 is a block diagram showing an overall 
25 arrangement of the apparatus in Rg.,1 ; 

Rgs. 3A and 3B are views showing the system 
function of a guidance apparatus according to 
the second embodiment of the present inven- 
tion, respectively; 
30 Fig. 3C is a view showing a display unit of Rg. 
3B; 

Rg. 4 is a block diagram showing the overall 
arrangement of the apparatus in Rgs. 3A and 
3B; 

35 Fig. 5 is a view showing a color space and anti- 
collision light (ACL) extraction; 
Figs. 6A and 6B are views respectively showing 
a two-dimensional coordinate system on an ACL 
extraction frame and an enlarged ACL image; 

40 and 

Figs. 7A and 78 are a plan view and a side view 
showing a three-dimensional space coordinate 
system. 

Reference will now be made in detail to the 
45 presently preferred embodiments of the invention 
as illustrated in the accompanying drawings, in 
which like reference characters designate like or 
corresponding parts throughout the several draw- 
ings. 

50 Embodiments of the present invention will be 

described with reference to the accompanying 
drawings. 

Fig. 1 shows the system function of an aircraft 
docking guidance apparatus according to the first 
55 embodiment of the present invention. Fig. 2 shows 
the overall arrangement of the apparatus. An azi- 
muth (direction) measuring image pickup device, 
e.g.. a CCD camera 1 , is set on the ground in the 



3 



5 



EP 0 459 295 A2 



6 



forward direction of an aircraft 9 at a position above 
an extension line of an aircraft approach line 6 
formed on an apron. The CCD camera 1 picks up 
an image of an anti-collision light (ACL) 3 located 
on an upper fuselage of the aircraft 9 which is 5 
approaching the apron. Upon reception of an azi- 
muth (direction) picked-up image output from the 
CCD camera 1. a measuring device 7 on the 
ground extracts a red image from a red flash 
generated by the ACL 3 through a color identifying 10 
section of the measuring device 7. At the same 
time, the coordinates of the center of the image are 
obtained by an operating section of the measuring 
device 7. According to the operation procedure of 
the apparatus of this embodiment, a switching op- 15 
eration is perfomned first through an operation pan- 
el 8 on the ground to select the type of approach- 
ing aircraft 9. Aircraft type data, data of the ap- 
proach line 6. and parking spot data of each type 
of aircraft are stored in the operating section of the 20 
measuring device 7. Upon the above-mentioned 
switching operation, data of a corresponding air- 
craft type is selected. 

The measuring device 7 obtains the difference 
between the center of the ACL 3, which is obtained 25 
by the operating section, and the approach line 6 
as azimuth (direction) information by using the op- 
erating section, and displays the azimuth (direction) 
information on a display unit 4 on the ground. 

If left and right coordinate values with reference 30 
to the approach line 6 are set to be -2.560 ^ x ^ 
2.550. an azimuth (direction) precision of 2.1 cm is 
obtained at a point 200 m from the CCD camera 1 
when the angle of field of view of the CCD camera 

A distance measuring image pickup device, 
e.g.. a CCD camera 2. is set on the ground at one 
side of the approach line 6 (facing a side surface of 
the aircraft 9 which is approaching the apron). The 
CCD camera 2 picks up an image of the ACL 3 on 40 
the upper portion of the aircraft 9. Upon reception 
of a distance picked-up image output from the 
CCD camera 2. the measuring device 7 extracts a 
red image from the red flash generated by the ACL 
3 through the color Identifying section. At the same 45 
time, the coordinates of the center of the image are 
obtained by the operating section of the measuring 
device 7. The measuring device 7 obtains the 
distance from the center to the paricing spot as 
distance information through the operating section. so 
and displays the distance information on the dis- 
play unit 4 on the ground. 

Assume that the CCD camera 2 is set on one 
side of the approach line 6 by using the line 6 as a 
reference, and the approach line 6 is set in the 55 
field of view of 100 m. In this case, if distance 
coordinate values are set to be -2.560 ^ x ^ 2.550. 
a distance precision of 2.0 cm is obtained. 



As described above, in the aircraft docking 
guidance apparatus according to the first embodi- 
ment of the present invention, an ACL located on 
an upper fuselage of each an aircraft is imaged by 
the azimuth (direction) and distance measuring 
CCD cameras, and the difference between an ap- 
proach line and a parking spot is provided as 
azimuth (direction) information by the measuring 
device on the basis of approach line, parking spot, 
and aircraft type data stored in advance, while the 
horizontal distance between the center of the ACL 
to the parking spot is provided as distance informa- 
tion. 

According to the first embodiment of the 
present invention, since the azimuth (direction) 
measuring CCD camera is set on the extension line 
of the approach line, and the distance measuring 
CCD camera is set on one side of the approach 
line, an accurate deviation from the approach line 
and an accurate distance to the parking spot can 
be provided as azimuth (direction) and distance 
information, respectively. 

As described above, according to the first em- 
bodiment, since an ACL located on an upper fu- 
selage of each aircraft is used as a position refer- 
ence of the aircraft, the position reference can be 
reliably imaged by the two CCD cameras installed 
on the ground even at night or in bad weathers. In 
this arrangement, the center of the ACL is obtained 
by color extraction in real time, and azimuth 
(direction) numerical coordinates and distance nu- 
merical coordinates are obtained by tracking the 
center of ACL upon movement of the aircraft, 
thereby displaying the obtained information on the 
display unit on the ground as accurate azimuth 
(direction) and distance information. With this dis- 
play, not only a pilot but also a co-pilot can ac- 
curately stop the aircraft at the parking spot without 
the aid of guidance personnel stuff on the ground. 

The second embodiment of the present inven- 
tion will be described below with reference to the 
accompanying drawings. Figs. 3A and 3B show the 
system function of a guidance apparatus according 
to the second embodiment, respectively. Fig. 3C 
shows the display unit of Rg. 3B. Fig. 4 shows the 
overall arrangement of the apparatus according to 
the second embodiment. Fig. 5 shows a color 
space and ACL extraction. Figs. 6A and 6B respec- 
tively show a two-dimensional coordinate system 
on an ACL extraction frame and an enlarged ACL 
image. Rgs. 7A and 78 are plan and side views 
showing a three-dimensional space coordinate sys- 
tem. As shown in Figs. 3A and 3B. and Rg. 4. in 
this embodiment, a display unit 11 is installed on 
the ground in the fonward direction of an aircraft 13 
at a position above the extension line of an aircraft 
approach line 12 fomied on an apron. A red flash 
generated by an ACL 14 located on an upper 
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fuselage of an aircraft approaching the apron is 
picked up by CCD canneras 15 and 16 arranged at 
the same position as that of the display unit 1 1 at a 
predetermined interval to be located on both sides 
of the approach line 12. 

Video outputs from the CCD cameras 15 and 

16 are respectively supplied to extractors 17 and 
18. The extractors 17 and 18 extract only red 
images from the red flash generated by the ACL 
14. The principle of color extraction will be de- 
scribed below. 

An arbitrary color is represented by a combina- 
tion of three colors R (red), G (green), and B (blue). 
If, therefore, video signals representing brightness 
are respectively represented by R, G. and B, a 
signal Y representing the brightness of a color is 
given by Y = R + G + B. 

In this case, an arbitrary color is expressed by 
using three-dimensional signals (R - Y). (B - Y), and 
Y, instead of using the video signals R, G, and B, 
as shown in Fig. 5. 

On a color space constituted by the (R - Y) 
axis, the (B - Y) axis, and the Y axis, the extractors 

17 and 18 set the upper and lower limit values of 
the (R - Y) and (B - Y) axes representing hues, 
respectively, in correspondence with the hues of a 
red flash from the ACL, and extract ACL images 
within a range, on the Y axis, corresponding to the 
set range. More specifically, since the Y axis repre- 
sents lightness, extractors 17 and 18 output mon- 
ochromatic video signals in such a manner that 
ACL images extracted on the Y axis are white, and 
other portions are black. A tracker 19 tracks the 
two color extraction images extracted in the above- 
described manner, and obtains the center of grav- 
ity of each ACL image. On the basis of the ob- 
tained two points, the tracker 19 calculates one 
point of a three-dimensional space coordinate sys- 
tem defined on the basis of a parking sfxtt on the 
approach line 12 as the origin. That is. the position 
of the ACL 14 is three-dimensionally measured as 
the position reference of the aircraft 13, and track- 
ing is performed with respect to the position refer- 
ence. 

In this case, the tracker 19 obtains the coordi- 
nates of the center of gravity of each ACL image 
from a two-dimensional coordinate plane having a 
coordinate value of 5120 in the horizontal direction 
(x axis) and a coordinate value of 4800 in the 
vertical direction (y axis), as shown in Figs. 6A and 
6B. Therefore, in the horizontal direction, a resolu- 
tion of about 1 mm is obtained with respect to a 
field of view of 5 m. 

The tracker 19 calculates the center of gravity 
of the ACL 14 every 1/30 seconds, and performs 
position measurement by using a three-dimension- 
al X. Y, and Z coordinate system set on the basis 
of the coordinates of the center of gravity of the 



ACL 14 imaged by each of the two cameras, as 
shown in Figs. 7A and 7B. 

An arithmetic processing unit 20 calculates the 
difference between the ACL 14 and the approach 
5 line in the horizontal direction as azimuth (direction) 
information on the basis of aircraft type data input 
from an operation unit 23 and the position mea- 
surement data from the tracker 19. In addition, the 
arithmetic processing unit 20 calculates the dis- 

70 tance from a parking spot 21 to a nose gear as 
distance information. The arithmetic processing unit 
20 then displays the azimuth (direction) and dis- 
tance information on a display lamp 22 as shown in 
Fig. 3C, for example. 

15 In Fig. 3C, the display lamp 22 includes a 

distance displaying portion 22a, an azimuth 
(direction) displaying portion 22b and the other 
displaying portion 22c for displaying information 
such as a kind of aircraft. 

20 In this case, the arithmetic processing unit 20 

stores relative position data of ACLs and nose 
gears, approach line data, and parking spot data, 
which vary depending on aircraft types, in a ROIVI 
in advance. In the first step, the type of approach- 

25 ing aircraft is selected by the operation unit 23. 
When the two CCD cameras 15 and 16 image an 
ACL, the arithmetic processing unit 20 calculates a 
deviation from the approach line as azimuth 
(direction) information and the distance from the 

30 parking spot to the nose gear as distance informa- 
tion, and displays the output information on the 
display lamp 22. 

According to the guidance apparatus of the 
second embodiment of the present invention, 

35 therefore, an accurate deviation from an approach 
line and an accurate distance to a parking spot can 
be provided as azimuth (direction) and distance 
information, respectively. 

As has been described above, according to the 

40 second embodiment of the present invention, since 
an ACL located on an upper fuselage of each 
aircraft is used as a position reference of the air- 
craft, the position reference can be reliably imaged 
by the two CCD cameras installed on the ground 

45 even at night or in bad weathers. In this arrange- 
ment, the center of the ACL is obtained by color 
extraction in real time, and the center of ACL is 
tracked upon movement of the aircraft by three- 
dimensional measurement, thereby displaying high- 

50 precision azimuth (direction) and distance informa- 
tion on the display unit on the ground. With this 
display, not only a pilot but also a co-pilot can 
accurately stop the aircraft at the parking spot 
without the aid of guidance personnel staff on the 

55 ground. 

Claims 



5 



9 



EP 0 459 295 A2 



10 



1. An aircraft docking guidance apparatus char- 
acterized by comprising: 

a plurality of image pickup devices (15, 
16), set on the ground, for picking up images 
of an anti-collision light (14) located on an s 
aircraft (13) to be guided; 

position reference producing means (17. 
18. 19) for producing a signal representing a 
position reference of the aircraft (13) In accor- 
dance with picked-up image signals from said io 
plurality of image pickup devices (15. 16); 

display data producing means (20) for pro- 
ducing at least one of direction information and 
distance information as guidance information to 
be provided to pilots of the aircraft in accor- 15 
dance with the signal representing the position 
reference of the aircraft (13) which is supplied 
from said position reference producing means 
(17. 18. 19): and 

a display unit (11. 22) for displaying at 20 
least one of the direction information and dis- 
tance information from said display data pro- 
ducing means (20) at a position on the ground 
where the pilots can see and recognize the 
information. 25 

2. An apparatus according to claim 1, character- 
ized in that said plurality of image pickup de- 
vices (15, 16) include at least one CCD camera 



a An apparatus according to claim 2. character- 
ized in that said CCD camera (15. 16) includes 
means for imaging a red flash from the anti- 
collision light (14) located on an upper fu- 35 
selage of the aircraft (13). 

4. An apparatus according to claim 3. character- 
ized in that said position reference producing 
means (17. 18. 19) includes an extractor (17. 4o 
18) for extracting only a red image In accor- 
dance with a picked-up image signal from said 
CCD camera (15. 18). and a tracker (19) for 
tracking a color extraction image from said 
extractor (17. 18). obtaining the center of grav- 4s 
ity of the anti-collision light, and producing a 
position reference of the aircraft by three-di- 
mensional measure 5 ment. 

5. An apparatus according to claim 4. character- so 
ized in that said display data producing means 

(20) includes an arithmetic processing unit for 
calculating a difference between the anti-colli- 
sion light and an approach line in the horizon- 
tal direction as the direction information in ac- 55 
cordance witii aircraft type data input from an 
operation unit and position measurement data 
from said ti*acker (19). and calculating a dis- 



tance from a parking spot on the approach line 
to a nose gear of the aircraft (13) as the 
distance information. 

6. An apparatus according to claim 5. character- 
ized in that said display unit (1 1 . 22) includes a 
display lamp (22) for displaying at least one of 
the direction information and the distance in- 
formation calculated by said arithmetic pro- 
cessing unit. 

7- An aircraft docking guidance apparatus char- 
acterized by comprising: 

a direction measuring image pickup device 

(1) , installed in a forward direction of an aircraft 
(9) which is approaching an apron in an airport, 
for picking up an image of an anti-collision 
light (3) located on the aircraft (19) which is 
approaching the apron; 

a distance measuring image pickup device 

(2) . installed in a direction to face a side sur- 
face of an aircraft which is approaching the 
apron, for picking up an image of the anti- 
collision light (3) located on the aircraft (9) 
which is approaching the apron; 

a measuring device (7) for extracting an 
anti-collision light image from picked-up image 
outputs from said distance measuring image 
pickup device (2) and said direction measuring 
image pickup device (1), calculating a differ- 
ence between the center of the anti-collision 
light image and an aircraft approach line to 
obtain direction information, and calculating a 
distance from the center of the anti-collision 
light (3) to a parking spot for the aircraft to 
obtain distance information; and 

a display unit (4) for receiving and display- 
ing the direction information and the distance 
information from said measuring device (7). 

8. A method for providing a docking guidance to 
an aircraft, said method characterized by com- 
prising the steps of: 

picking up images of an anti-collision light 
(14) located on an aircraft (13) by using a 
plurality of image pickup devices (15, 16); 

producing a position reference of the air- 
craft on the basis of picked-up image signals 
from said plurality of image pickup devices; 
and 

producing at least one of direction informa- 
tion and distance information as the docking 
guidance in accordance with the position refer- 
ence of tiie aircraft (13) and 5 providing the 
infonmation to the aircraft (13) through a dis- 
play unit (1 1 . 22) on the ground. 



6 



5 



6 



FIG. \ 



7 



EP 0 459 295 A2 




CVJ 

o 



8 



2i 



FIG. 3A 



9 



EP 0 459 295 A2 




10 



EP 0 459 295 A2 




FIG. 3C 



EP 0 459 295 A2 



CCD 

CAMERA 



i5 




TRACKER 
CALCULATION OF 
CENTER OF GRAVITY 
OF ACL THREE- 
DIMENSIONAL POSITION 
MEASUREMENT 



19 



^6 

4 



CCD 

CAMERA 



18 



EXTRACTOR 
(ACL IMAGE 
EXTRACTION ) 



DISPLAY LAMP 
AZIMUTH INFORMATION 
DISPLAY DISTANCE 
INFORMATION DISPLAY 



22(H) 



ARITHMETIC PROCESSING 

UNIT (CPU) 
CALCULATION OF 
SST^NCE INFORMATION 
ROM (TYPE AND 
POSITION DATA) 



OPERATION UNIT 
(TYPE DATA INPUT) 



20 



23 



FIG. 4 



12 



EP 0 459 295 A2 




Y AXIS 
(WHITE) 



ACL IMAGE OUTPUT 
(B-Y)AXIS 



ACL COLOR 
EXTRACTION 




(R-Y)AXIS 



0( BLACK) 



ACL COLOR EXTRACTION 



F I G. 



X AXIS<5<20) 



ACL IMAGE 

□ 



yAXis 

(4800) 

































1 






1 






\ 
















/ 

















CENTER OF 
GRIXVITY 



F I G 



6A 



FIG. 6B 



13 



EP 0 459 295 A2 



Z AXIS 



CAMERAS 



ORIGIN(PARKING SPOT) 




RIGHT MAXIMUM 
"LD OF VIEW 



CAMERA2 



X AXIS 



APPROACH LINE 



T MAXIMUM 
FIELD OF VIEW 



F I G, 



7A 

YAXIS 



CAMERAS 
< AND2 




UPPER MAXIMUM 
FIELD OF VIEW 



APPROACH LINE 
ORIGIN ( 
(PARKING SPOT) j 
' ^-^ROUND 




X AND Z AXES 



(SIDF qiiRFArc-i LOWER MAXIMUM 
iblUE SURFACE) FIELD OF VIEW 



FIG. 7B 



14 



